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Abstract: /DVHULQGXFHGEUHDNGRZQ VSHFWURVFRS\ /,%6 LV DZHOONQRZQDQDO\WLFDO WHFKQLTXH WR DQDO\VHV RI
VROLGOLTXLGJDVHRXVDQGDHURVROVDPSOHV)XUWKHUPRUHWKHLQWHUHVWLQWKLVWHFKQLTXHKDVJURZQEHFDXVHLWGRHVQRW
UHTXLUHFKHPLFDOWUHDWPHQWIRUVDPSOHSUHSDUDWLRQWKXV/,%6WHFKQLTXHFDQEHFRQVLGHUHGHQYLURQPHQWDOO\FOHDQ
ZLWKRXWFKHPLFDOZDVWH+RZHYHULWVKRZVDORZHUVHQVLWLYLW\ZKHQFRPSDUHGWRRWKHUVSHFWURPHWULFPHWKRGV
2QHZD\WRRYHUFRPHWKLVOLPLWDWLRQLVWRXVHDGRXEOHSXOVH'3FRQ¿JXUDWLRQ7KLVVWXG\DLPHGWREXLOGDQG
FKDUDFWHUL]DWLRQRIDQDSSDUDWXV'3/,%6IRUWKHVRLOVWXG\7KHVRLOVVDPSOHVZHUHFROOHFWHGIURPWZRGLIIHUHQW
%UD]LOLDQUHJLRQV1RUWK$PD]RQDQG6RXWKHDVW6DR3DXOR$FRPSDUDWLYHVWXG\EHWZHHQFRQYHQWLRQDOVLQJOH
SXOVH/,%6DQG'3/,%6ZDVSHUIRUPHG7KHFROOLQHDU'3/,%6V\VWHPEXLOWHQKDQFHGWKHLQWHQVLW\RIHPLVVLRQ
OLQHVRIWKHVHHOHPHQWVPRUHWKDQWZLFHZKHQFRPSDUHGZLWKFRQYHQWLRQDOVLQJOHSXOVH/,%6DQGUHGXFHGWKH
FRQWLQXXPHPLVVLRQ,QJHQHUDO'3/,%6LPSURYHGWKHDQDO\WLFDOSHUIRUPDQFHVRIWKHWHFKQLTXH
KeywordsVSHFWURVFRS\/,%6GRXEOHSXOVHLQVWUXPHQWDWLRQVRLO
1. Introdução
$WpFQLFDGHHVSHFWURVFRSLDGHHPLVVmRySWLFDFRPSODVPDLQGX]LGRSRUODVHU/,%6GRLQJOrV³Laser
-Induced Breakdown Spectroscopy´YHPWRUQDQGRVHXPSRSXODUPpWRGRDQDOtWLFRQDXOWLPDVGpFDGDVHPYLVWD
DDOJXQVDVSHFWRV~QLFRVWDLVFRPRDDSOLFDELOLGDGHSDUDDOJXQVWLSRVGHDPRVWUDVSUDWLFDPHQWHVHPSUHSDURGD
DPRVWUDFDSDFLGDGHGHVHQVRULDPHQWRUHPRWRHSHODUiSLGDDQDOLVH+$+1HWDO+$+1HWDO$
WpFQLFDDSUHVHQWDXPDJUDQGHHFUHVFHQWHJDPDGHDSOLFDELOLGDGHHPGLYHUVRVFDPSRVGHSHVTXLVDSRLVDFRPXQL-
GDGH/,%6pFRPSRVWDSRUSHVVRDVFRPGLIHUHQWHVIRUPDo}HVHiUHDVGHFRQKHFLPHQWRVFLHQWt¿FRV([LVWHPXLWR
LQWHUHVVHGHGLFDGRDQRYDVLQVWUXPHQWDo}HVHDERUGDJHQVDQDOtWLFDVGHVWLQDGDVDRDXPHQWRGDVHQVLELOLGDGHGH
/,%6HDUHGXomRGRVHIHLWRVGHPDWUL]GHDPRVWUDDVVLPFRPRWHVWHGHQRYDVHEHPHVWDEHOHFLGDVDERUGDJHQV
TXLPLRPpWULFDV+$+1HWDO
eFRPXPGL]HUTXH/,%6pHPJHUDOPHQRVVHQVtYHOTXHRXWURVPpWRGRVGHHPLVVmRHVSHFWURVFySLFDV
SRUpPHVWDD¿UPDomRSUHFLVDVHUPHOKRUTXDOL¿FDGDSRLVDEXVFDSHODPHOKRULDGDVHQVLELOLGDGHHOLPLWHVGHGH-
WHFomRWHPVLGRDWLYDPHQWHSURJUHVVLYDQR~OWLPRVDQRV+$+1HWDO8PDGDVDERUGDJHQVPDLVHVWXGDGD
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QRV~OWLPRVDQRVpGR/,%6FRPSXOVRGXSORGRLQJOrV'3/,%6([LVWHXPDJUDQGHTXDQWLGDGHGHHVWXGRVQD
OLWHUDWXUDGHVFUHYHQGRDERUGDJHQVGH'3/,%6+$+1HWDO+$+1HWDO*$87,(5HWDO
TXHGHIDWRPHOKRUDPQtYHLVGHVLQDVHPHOKRUDPOLPLWHVGHGHWHFomR(P'3/,%6XPVHJXQGRSXOVRGRODVHU
pDSOLFDGRDSyVXPWHPSRGHDWUDVRGRSULPHLURSXOVRGRODVHUFKDPDGRGHVHSDUDomRLQWHUSXOVRUHH[FLWDQGRD
UHJLmRRQGHRSODVPDJHUDGRSHORSULPHLURSXOVRIRLFULDGRHHPDOJXQVFDVRVWDPEpPDVXSHUItFLHGDDPRVWUD
3$648,1,HWDO(VVDWpFQLFDSRGHVHUHPSUHJDGDHPGLIHUHQWHVFRQ¿JXUDo}HVHPUHODomRjGLUHomRGH
SURSDJDomRGRSXOVRGRODVHUHVXDVHTXHQFLDWHPSRUDO*$87,(5HWDO3RUH[HPSORFRQ¿JXUDo}HVFR-
OLQHDUHVHRUWRJRQDLVYrPVHQGRWHVWDGDVMXQWDPHQWHFRPDGLVFXVVmRGDVUD]RHVDTXDLVOHYDPDRPHOKRUDPHQWR
GRVUHVXOWDGRVHQFRQWUDGRV+$+1HWDO*$87,(5HWDO
6DEHPRVTXHDWpFQLFD/,%6pFRPXPHQWHXWLOL]DGDSDUDDYDOLDUDFRPSRVLomRHOHPHQWDUGHDPRVWUDV
LQGHSHQGHQWHGRVSDUkPHWURVH LQVWUXPHQWRVXWLOL]DGRV$QDOLVHHPPHLRDTXRVR<$0$*&+,HWDOH
VRORV 1,&2/2'(//,HWDOFRPS}HPDPDLRULDGRVDUWLJRVHQFRQWUDGRVQD OLWHUDWXUDTXDQGRFRQVLGH-
UDPRVDSOLFDo}HVDPELHQWDLV1RVRORSDUWLFXODUPHQWH WHPVLGRXWLOL]DGRSDUDGHWHUPLQDU WHRUHVGHFDUERQRH
QXWULHQWHV1,&2/2'(//,HWDO)(55(,5$HWDO(QWUHWDQWRRVFLHQWLVWDVGHVRORGHPDQGDPSRU
LQVWUXPHQWDomRTXHYLDELOL]HPHGLGDVHPODUJDHVFDODSDUDFRQIHFomRGHPDSDVGHDF~PXORGHFDUERQRPDFURH
PLFURQXWULHQWHVQRVRORHPSURIXQGLGDGH(VWHGHVD¿RSDVVDSRUWpFQLFDVUiSLGDVGHSRXFRSUHSDURGHDPRVWUD
HTXHVHMDPGHEDL[RFXVWRGHPHGLGD2GHVHQYROYLPHQWRGHXPVLVWHPD/,%6FDSD]GHH[SORUDUGHIRUPDPDLV
H¿FLHQWHRVHOHPHQWRVFRQVWLWXLQWHVGRVRORGHYHDWHQGHUDGHPDQGDGHVWDiUHDGHSHVTXLVDSRLVSRVVXLXPDOWR
SRWHQFLDOSDUDFXPSULUDWRGDVDVFDUDFWHUtVWLFDVGHVHMDGDV
2. Materiais e Métodos
2.1. Amostras
$VDPRVWUDVGHVRORVmRSURYHQLHQWHVGHGXDVÀRUHVWDVEUDVLOHLUDVHVmRGRLVWLSRVGHVRORVGLVWLQWRVXP
(VSRGRVVRORHHPXP/DWRVVROR$VDPRVWUDVGH(VSRGRVVRORIRUDPFROHWDGDVGDÀRUHVWDDPD]{QLFDSUy[LPRj
FLGDGHGH6mR*DEULHOGD&DFKRHLUD(VWDGRGR$PD]RQDV(VWDVDPRVWUDVFRPSUHHQGHPDVHJXLQWHVHTXrQFLD
YHUWLFDOGHKRUL]RQWHVVXSHU¿FLDLVRUJDQRPLQHUDO$H$(H(DOELFRV%KH%KHVSyGLFRV7UFDPDGD
GHWUDQVLomRH.H.FDPDGDVGHFDXOLQREUDQTXHDGRQDSDUWHLQIHULRUDVSURIXQGLGDGHVYDULDPHQWUHDP
'HFDGDKRUL]RQWHIRUDPFROHWDGDVDPRVWUDVDRORQJRGHXPSHU¿OGHSURIXQGLGDGH-iDVDPRVWUDVGH/DWRVVRORV
9HUPHOKRVIRUDPFROHWDGDVDSDUWLUGHXPUHPDQHVFHQWHGH0DWD$WOkQWLFDSUy[LPDjFLGDGHGH6mR&DUORV(VWDGR
GH6mR3DXORHPSURIXQGLGDGHVTXHYDULDPGHDP
$VDPRVWUDVGHVRORIRUDPSHQHLUDGDVSDUDUHPRYHUUDt]HVHPRtGDVSDUDVHREWHUHPSDUWtFXODVPHQRUHV
TXHPP$VSDVWLOKDVGHDPRVWUDVKRPRJHQHL]DGDVIRUDPSUHSDUDGDVXVDQGRXPDSUHVVmRGH WRQHODGDV
GXUDQWHV
2.2. Sistema LIBS pulso duplo 
2VHVSHFWURV/,%6GDVSDVWLOKDVIRUDPDGTXLULGRVXVDQGRXPVLVWHPDGHWHFomR(33+56WHOODU1HW
,QFHTXLSDGRFRPXPHVSHFWU{PHWURYDULDQGRQPFRPXPDUHVROXomRGHQPDFRSODGRDXPD&&'
QmRUHVROYLGDQRWHPSR
2H[SHULPHQWRpFRPSRVWRSRUGRLVVLVWHPDVGHODVHUVGLIHUHQWHV8PODVHUGH1G<DJSXOVDGR4XDQ-
WHO8OWUDFRPFRPSULPHQWRGHRQGDFHQWUDGRHPQPHQHUJLDPi[LPDSRUSXOVRVGHP-ODUJXUDGH
SXOVRGHQVHWD[DGHUHSHWLomR¿[DGDHP+]2VHJXQGRVLVWHPDpXPODVHUGH1G<DJ4XDQWHO%ULOOLDQFRP
FRPSULPHQWRGHRQGDFHQWUDGRHPQPPi[LPDHQHUJLDSRUSXOVRGHP-ODUJXUDGHSXOVRGHQVHWD[D
GHUHSHWLomR¿[DGDHP+]2VIHL[HVSURYHQLHQWHVGRVGRLVODVHUVIRUDPGLUHFLRQDGRVDRDOYRDPRVWUDDWUD-
YpVGHHVSHOKRVGLFURLFRVFRPFRPSULPHQWRVGHRQGDDSURSULDGRVQP$OpPGLVVRIRUDPXWLOL]DGDV
OHQWHVGLVWDQFLDIRFDOGHPPFRP¿OPHVDQWLUUHÀH[RVQPSDUDRPHOKRUDSURYHLWDPHQWRySWLFR
GDHQHUJLDGRODVHU(VWDVOHQWHVIRUDPXWLOL]DGDVFRPRLQWXLWRGHIRFDOL]DURIHL[HGRODVHUVREUHDVXSHUItFLHGD
DPRVWUD(VWHVIHL[HVIRUDPDOLQKDGRVGHIRUPDDREWHUXPVLVWHPDFROLQHDURXVHMDDPERVIHL[HVVmRSURYHQLHQWHV
GDPHVPDGLUHomRHVHQWLGRLQFLGLQGRXPVREUHRRXWUR2VXSRUWHSDUDDPRVWUDIRLSRVLFLRQDGRHPXPDPHVD
[\PLFURFRQWURODGDSDUDXPDYDUUHGXUDIiFLOHUiSLGDGRIHL[HGRODVHUVREUHDDPRVWUD3DUDRFRQWUROHWHPSRUDO
HQWUHRVGRLVODVHUVHQWUHRVHJXQGRSXOVRGRODVHUHRVLVWHPDGHGHWHFomRHSDUDVLQFURQL]DUDPHVD[\FRPHVWHV
HTXLSDPHQWRVIRLXWLOL]DGRXPJHUDGRUGHDWUDVRGHSXOVRFRPRLWRFDQDLV4XDQWXP&RPSRVHUV±PRGHOR
1D DTXLVLomR GRV HVSHFWURV'3/,%6 XWLOL]DPRV RV GRLV IHL[HV GH ODVHUV LQFLGLQGR FROLQHDUPHQWH QD
DPRVWUDGHVRORFRPP-FDGDODVHU3DUDRVLVWHPD/,%6FRQYHQFLRQDOXWLOL]DPRVXPODVHUQPFRPHQHUJLD
¿[DHPP-GHHQHUJLD3DUDFDGDDPRVWUDGHSDVWLOKDIRUDPUHDOL]DGDVPHGLGDVHPFDGDXPDGDVIDFHV
VHQGRHVSHFWURVSDUD/,%6FRQYHQFLRQDOHHVSHFWURVXWLOL]DQGR'3/,%62³RIIVHW´GRVHVSHFWURV/,%6
IRUDPFRUULJLGRVVXEWUDLQGRDPpGLDGDUHJLmRGHUXtGRSHUWRGDOLQKDGHHPLVVmRHOHPHQWR$SyVDFRUUHomRGR
GHVYLRDUHODomRVLQDOUXtGRIRLPHOKRUDGDSRUXPDPpGLDGHHVSHFWURV
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3. Resultados e Discussão
1DOLWHUDWXUDpUHODWDGDDLPSRUWkQFLDGRUHDTXHFLPHQWRXWLOL]DQGRFRPSULPHQWRVGHRQGDPDLRUGRTXH
RLQLFLDOHPVLVWHPD'3/,%6QHVWHFDVRRODVHUHPQP&2216HWDO$XWLOL]DomRGHVWHODVHUFRPR
VHJXQGRSXOVRIRLYHUL¿FDGDFRPRPDLVH¿FLHQWHWDPEpPHPQRVVRH[SHULPHQWRSRUpPRVUHVXOWDGRVQmRVHUmR
DSUHVHQWDGRVDTXL$SDUWLUGHVVHUHVXOWDGRIRLUHDOL]DGRXPHVWXGRGDYDULDomRGHSRUFHQWDJHPGHHQHUJLDGRV
ODVHUV¿JXUDDHGRDWUDVRHQWUHRVSXOVRVGRVGRLVODVHUV¿JXUDEEXVFDQGRDRSWLPL]DomRGHVWHVSDUkPHWURV
SDUDHVWXGDUDPHOKRUDGDVHQVLELOLGDGH
)LJXUD  *Ui¿FRV GD LQWHQVLGDGH GR VLQDO /,%6 SDUD OLQKD GR$O ,  QP TXDQGR YDULDPRV R
SRUFHQWXDOGHHQHUJLDGHFDGDODVHUDHTXDQGRYDULDVRDWUDVRHQWUHRVSXOVRVGRVODVHUVE
)LJXUD*Ui¿FRVGHEDUUDVFRPSDUDWLYRVHQWUHXPVLVWHPD/,%6FRQYHQFLRQDOHXP'3/,%6DQDOLVDQGR
DLQWHQVLGDGHGRVLQDO/,%6SDUDDVOLQKDVGHD$OE)HF6LG&DH0JHI3
2VUHVXOWDGRVGDV¿JXUDVDHELQGLFDPTXHRVPHOKRUHVSDUkPHWURVSDUDXPDPHGLGDH¿FLHQWHGDV
OLQKDVGH$OSRUH[HPSORIRUDPXWLOL]DUGDHQHUJLDGR/QPHGDHQHUJLDGR/QPHR
DWUDVRHQWUHRVODVHUVaQV3RUpPDSHVDUGHVVHUHVXOWDGRSUHIHULPRVXWLOL]DUDPHVPDHQHUJLDSDUDFDGDODVHU
QPHQPSRLVTXDQGRXPODVHURSHUDSHUWRGHVXDFDSDFLGDGHPtQLPDGHHQHUJLDHOHp
PDLVLQVWiYHOÀXWXDQGRVXDHQHUJLD
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'HSRLVGHRSWLPL]DGRR VLVWHPD'3/,%6 UHDOL]DPRVDVPHGLGDVHPGLYHUVDVDPRVWUDVGH VRORHRV
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